Decassifed 27maegs 
Auth: Doo S2rv00-1, 2 


gt aaa TR-AC-47 


(Unclassified) 
JOINT ATIC-WADC REPORT ON 


PROJECT SILVER BUG 


PROJECT NO. 9961 


3HI-S94191% 15 FEBRUARY 1955 


‘3 
AIR TECHNICAL INTELLIGENCE CE TES 


WRIGHT-PATTERSON AIR FORCE BASE 


OHIO \ Ca js 
bape | 


~ 


1. Information conflicting with or pertinently affecting 
that contained in this publication should be forwarded by the 
recipient directly to: 


Commander 
Air Technical Intelligence Cencer 
Wright-Patterson Air Force Base, Ohio 


This in no way abrogates or alters responsibility for sending 
such information of any pertinent intelligence data through 
already established intelligence collection channels of the 
various services or agencies of the U.S. government. 


2. WARNING: This document contains information af- 
fecting the national defense of the United States within the 
meaning of the Espionage Law, Title 18, U.S.C., Sections 793 
and 794. Its transmission or the revelation of its contents in 
any manner to an unauthorized person is prohibited by law. 


AF-WP-O-21 APRIL 54 16M 


FIED 


TSCILAICAL REPORT HO. TR-AC-47 


(Unclassified) 
JOINT ATIC -ADU REPORT ON 


PROJECT SILVER SUG 


PROJECT HO. 9961 


15 FEBRUARY 1955 


Published by 


AIR TECHNICAL INTELLIGS 
WRIGHT-PATTERSON AIR FO! 
OHIO 


Ne copyright material is containea in this public.tion. 


T55ea4O 


aaa (25 ASSIFIED 


TABLE OF CONTENTS 


Section I. ‘characteristics. 6.4 eS a eis ee Be we Oh a we 1 
AL -Backerounds oa ie eee ele ester or a se wie ede hae BU Be ee. i 
B. Description of the Proposed Aircraft... 0... eee ee ee ee 1 
bp WOE ROXUEDCG sites or scYorViel. a Vets daia’e® 5878-3, 7d: Wal, <a> capi! See? a eats Le Ly LT 

Section II USAF Rese-rch and Development Status. 6 ee ee ee eee 3 
A. Principal Problem Areas 2... 1 ww ee ttt tt we ttt 23 
B. Present Development Status... 2... 1. ee tt ete et tee 23 

LIST GF ILLUSTRATIONS 
Figure 1 Three-view General Arrangement of Proposed Multi-engine Research 
Aireratt 2. 6 ee ee ee ee ee ee ew tt wt et 2 

Figure 2 Cut Away of Research Aircraft .. 2... eee ee ee eee 3 

Figure 3 Three-view General Arrangement of Research Aircratt ...... 5 

Figure 4 Section Cutaway of Research Aircraft . 2... eee ee ee G 

Figure 5 Ground Cushion Effect .. 2... ce ee ee ee ee ee Bd 

Figure € Airflow Into Intake During Take-off and landing ......46. lu 

Floure 7 Sectlon of Airflow Pattern for Take-orf . 2... 6 ee tee 2 

Figure * Typical Section of Exhaustor Duct Showing Take-off Gas Flow .. 13 

Figure 9 Section Through Rear of Aircraft at Supersonic Speed... ... aL 

Figure 10 Typical Cross-Section Through Engine... . 1 1 ee eee ene 15 

Figure 11 Through Flow at Low Forward Speed . 2... 11 ee te te 16 

Figure 12 Cross-Cection Showing Beuring Airflow . 1... 2-1. ee et eee w 

Figure 13 Perspective View Showing True Path of Bearing Afr ....... 19 

Figure 14 Exhaust Jet Angles at Low Forward Speed .. 1. eee ee ees 20 

Figure 15 Coanda Effect: High Aspect Ratio Jet Jending . ..- +2... ee 22 

i 255-2049 


Table I 
Table II 


Table TII 


TABLE OF CONTENTS (Cont) 


Physical Characteristics ......0.4. 
Weight Breakdown .. 1... 2... ae 


Contractor Estimated Performance .... 


ii 


Purpose 


This report presents factual technical data on A. V. Roe, Canada, Limited, 
proposed development, Project Y2 (Secret). This proposal is the second of two 
designs which can be classified as radical aircraft designs. The ultimte purpose 
of presenting this is two-fold; to correct the distorted picture presented in pre- 
viaus releases, both classified and unclassified, and to acquaint the intelligence 
commmity vith the current state-of-the-art facts thereby alerting them to any air 
intelligence information which may become available indicating Soviet interest in 
thie specialized field. 


Factual Data 


Severel news mediums have published articles concerning A. V. Roe, Canada, 
Limited, Project Y2 (Secret) which, when supplewented by the Dacember Air Intelli- 
gence Dizest article, "The Flying Disc", present an inaccurate picture of the 
proposed project. It was decided that a factual account of this project would be 
presented, in the form of a joint Wright Air Development Center - Air Technical 
Intelligence Center study, to the intelligence agencies to correct any miegivings 
brought about by the above-mentioned articles. 


Discussion 


The suoject of this rerort deals with a proposal for a new type aircraft by 
_one of Canada's sost progreseive senbers of the aircraft industry, AVEO Aircraft, 
Limited, a member of the Howker-Siddley Group. This project should in 20 way be 
associated with any sctence faction or "Flying Saucer” stcries because of ita exe 
terval appearance. The configuration was a result of an engineering investigation 
into the solution of a particular problen. 


An examination of the AVRO proposal shows that the potential for a very high 
performance weapon system exists in the not-too-distant future. Although thie 
proposal offers the USAF a notentially advanced weapon system having both vertical 
take-ofY and military performance capabilities, there are numerous technical rrob- 
lens which must be solved before a successful development cen be realized. 


The proposal is for the design of a supersonic research aircraft paving a 
circular planform and VIO characteristics. One version provides for the use of 
several conventional axinl-flow engines, vhile the ultimte aircraft configuretios 
utilizes a new radial-flow type engine. Another unusual feature of this proposal 
ie that the control of the aircraft is accomplished by selective direction of the 
exhaust gases vhich eliminetes the aeceseity of conventional aerodynamic control 


surfaces. 
Conclusions 


This proposal offers 6 possible solution to the USAF requirevent for achieving 
disrersed base operations. 
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There appears to be no fundamental reason why this proposal should not ulti- 
mately result in @ weapon systen, however there are several technical areas which 
must be investigated before a full-scale development program is initiated. 


The simplicity of airframe construction should alleviate many of the manu- 
facturing and logistic problems normlly associated with new aircraft developments. 
Based on the above conclusions, a two-fold intelligence program is dustifi- 
able. 
a. The technical information on this project should be followed by 
direct liaison between WADC and ATIC personnel. 


bd. A collection effort should be initiated to determine whether the 
Seviet Bloc is or has been conducting research efforts on @ eimtlar project, when 
this work began, and the present state of the Soviet development. 
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SECTION I 
CHARACTERISTICS 


A. Background 


There is a USAF requirement to develor means of operation from dispersed basea. 
Thia requirement stems froa the growing and possibly catastrophic vulnerability of 
conventional air bases. The spjor feature of conventional air bases is the runway, 
which has grown vider, thicker, and loager as aircraft have become heavier and 
faster. The operational necessity of runways leads to concentrations of aircraft 
which have become critical targets. The logical approach to dispersed base opera- 
tion would than appear to be tovard reducing the length of runways or to their total 
elimination. Numerous schemes have been proposed, investigated, and some developed 
to reduce the take-off distance of aircraft. Among them are water ejection, after- 
burning, and RATO. Drag chutes and methods of thrust reversal have been developed 
for reducing lending requirerents. Atterpts to elininete rumvays completely have 
resulted in helicopters, convertiplanes and what is imown ag VIO aireraft. 


There are two general types of VIO aircraft - “tail-sitters” and “flat-risers”. 
A flat-riser takes off in the vertical direction in a normal horizontal flight etvi- 
tude, while the tail-sitter takes off vertically from a position which is © degrees 
to @ normal level horizontal flight attitude. Examples of tail-sitters are the 
United States “avy projects with Lockheed and Convair which utilize a turboprop 
pover plant, and the USAF project with Ryan Aeronautical Corporation utilizing 
turbojet pover plants. Sxamples of the flat-riser are the Rolls-Royce "Flying Bed~ 
stead” and the Bell VTO aircraft. The basic design provlem associated with any 
aircraft of this type becomes one of achieving in a single vehicle VIO and military 
performince capabilities. A possible solution to this problem has been proposed by 
A. V. Ree, Sanade, Limited, in the form of their Project Y2 (Secret). 


B. Description of the Proposed Aircraft 
1. General Description 


Tyo versions of small research VT aircraft have been designed by the con- 
tractor, waich, by compeny designation, are Project Y (Secret), a “tail-sitter”, 
and Project Ye (Secret), a "Plat-riger”. Early in the investigation, Project 1 
(Secret) «as rejected by the contractor in favor of the flat-riser. Project Ye 
(fecret) design proposal incorporates a nunber cf advance improvements brought 
about by the utilization of several redical idees in fundamental areas which, as 
yet, have not been thoroughly investigated. The original proposal was essenticily 
for the construction of a very large radial-flow gas turbine cagine which, wheu 
covered, will form a flying wing with a circular plonform, similar in appearance 
to a very large discus. The engine is designed to fly “edge-on” to the wind instead 
of axially ag is the present practice in conventional sircreft Gesign. Aa alternate 
version for a multi-engine aircreft as shown in Figures 1 end 2 would avoid concur- 
rent develorment of the airframe and engine ynile providing the other esseutial 


characteristics of the vehicle. 
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The cockpit is located at the center of the aircreft with the ortentation 
of the cockpit determining the fore and after center-line of the aircraft as weil 
as the normal direction of forward flight. The airframe, fuel cells, and the gas 
turbine power plant encircle the cockpit. (See Figs 3 and 4.) 


ais aircraft 18 designed for vertical take-off and lendings while in 
the horizontal flight attitude, 1.e., a "flaterizer”. Since this aircraft rises 
vertically from a horizontal position, it does not require & landing gear or 
auxilliary landing devices. The flat-riser flight take-off technique, the elini- 
nation of the lending gear and auxilliory landing devices, are brought about by 
the peripheral exhaust waich produces a "powerful ground cushion effect” (Fig 5). 
This is one of the fundamentals upon which this new radical aircraft denim is 
based. 


Since this airframe and engine will have a clreular planforn, the outer 
perimeter of the aircraft vill be the exhaust nozzle or the engine and the thrust 
forces will be used for control of the aircraft. 4A unified control systcw iust 
be designed which will produce the sane aircraft responses irrespective of whether 
the aircraft is in hovering, trensition, or forward flight. The circular planforn 
may be modified to accommodate trim flaps of soce sature if they are found to be 
necessary. 


The air intakes are placed in the inner circle on the upper surface of 
the aireraft for vertical take-off vhile additional air intakes are fhatolled in 
the upper and lower forward facing surfaces for forward flight. 


A milti-engine configuration (Figs 1 and 2) is proposed as a research 
vehicle for the purpose of investigating stability and control, performance, ctc., 
before development of a multi-engine operational aircraft or radial-flow single- 
engine aircraft. Thie prototype configuration will also investigate certain funda- 
mental areas concerning aircraft behavior; an example is the ground eushion effect. 


2, Airtrane 


The cutaway (Fig 4) of the research aircraft with the radial-flow engine 
shove the details of the aircraft structure. ‘he center location of the fuel cells 
e@llovs for the use of the fuel as a coolant medium against serodynemic heating for 
the cockpit. The mechanical engineering details should not present any unsolvable 
problema in the airframe design; however, the rotor assembly and exhaust control 
systera are considered major problems. The basic structural ribs of the airfraue 
lend themselves readily to masa production since they are identical, Sixty ribs 
ere proposed as the foundation of the airframe. These ribs are "putied"” to the 
outer surface of the fuel cells with the inner side of the fuel cells cowprising 
the cockpit opening. For the multi-engine version (Figa 1 and 2) certain engia- 
eering problems my arise due to the complexity of controlling eight engines, 
eight fuel systems, eight lubricating systems, etc. 


3. Air Intake 


The aircrart, st rest, cannot use the bottom forvard facing air intake, 
therefore, “take-off air is supplied through JC square feet of releaving door area 
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Fig. 4 Section Cutaway of Research Aircraft (Radial Flow Engine) 
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Bedial-Flow Engine Aircraft 


Particulars 


Weight Dimensions, etc. 
Alverart Gross Take-off Veight 
Gross wing area 
Span (# diameter) 
Height over canopy 
Standard meen chord 
Aspect ratio 
Mean t/c ratio excluding intake 
Intake base area 
Aprroximate jet base area in forward ?licht 
Wing loading at wean weight of 25,000 lbs 
Maxiimm internal fuel 


Take-off vhrust/weignt ratio 
SLS thrust; frontal area 
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Particulars 


Aircraft Hain Structure 
Cockpit vell and fucl tank 
Intake structure 
Main structure 
Outer ving and exhauster 
Halo 
Cockpit and canopy 
Control shutters 
Control systen 


Power Plant 
Retor asseubly 


Stator blades, plates ang attachuents 


Combustion systen 
Air bearing assembly 


Extra to structure 
Cockpit equipment 
Radio and electrics 
Puel systen 
Air conditioning and oxygen 
Miscellaneous 


SERCRAPT ELPPY “WEIGH? 


Pisposable Load 
Crew 


Puel 


AIRCRAFT GOSS TAKE-OFF WElGdr 


VEIGHT BREAKDO.N 


Radiai-Flow Engine Aircraft 


Totals 


9,532 


10,450 


1,065 


21,05e 


7,999 


29 yp HA) 
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in the top intske.” This air is exhausted through exhaust nozzle (outer perimeter) 
of the aircreft and is directed dowmard (see Figs 6 and 7). This downward ejection 
of the air produces & “ground cushior effect”, (see Fig 5) which results in an addi- 
tional thrust componect for take-off and allows for a ground cushion to brake the 
landing of the aircraft. This effect is present only when the exhaust air is dis- 
tributed from the periphery of the aircraft (flat-risers). (See Fig 3.) 


In forward flight, the air ecters the plenum chouber through the forward 
fecing air intakes In both the uprer and lever surfaces of the aircraft. Engine 
exhaust gases are carried around the exheuster duct and are expelled through the 
@nsular nozgle which is located on the upper and lower surfaces sear the periphery, 
ard through the backward facing nozzies which are located on both sides of the air- 
craft. (See Mg 9.) 


4. Propulsion Systen 


The prcpesed pover rlant for the single-engine research vehi 
ally a double-sided rediel-fley turbojet engine. ‘Uke heart of thic 
very large dinapeter rotor disc which utilizes cazpressor air bleed as “ite only 


means of Lubrication. 


The compressor stators, diffuser, combustion tubes, and turbine nozzle 
guide vanes are designed as an integral pert of the airframe. The rotating element 
of the conventional gas turbine engine, namely, the compressor rotor, connecting 
shaft and turbine wheel have been rearranged to e disc configuration. The com- 
pressor rotor blades are mouxted vertically on the inner dise ring; the turbine 
waeel bledes are mounted vertically on the outer dise ring, and the connecting disc 
ring {8 comparable to the conventional cennecting shaft. This dise rotates on 2 
double-sided air bearing mounted between the upper and lover ccmbustioa tubes. 


The combustion system consists of flame tubes distributed between the 
structural ribs of the aircraft. The engine pressure is contained between the 
outer skin aud the rotor bearing plates with the latter structure being mounted 
between the combustion tubes. For take-off the intake air is brought through the 
top intakes to the first stage of the rotor and is compressed radiolly outward 
through six stages giving 2 normal pressure retic of 3 to 1. From the last con- 
pressor stage, the eir is diffueed and passes through the flene tubes, turbice ine 
let guide vanes, through the turbine wheel, and t through the extauct comic 


whic! c 


4g the outer perimeter of the aireraft. (See Fic 1¢.) During forvari 1 
the upper air intae ducts are closed and the Porward facing sir imtakes are oe 
(fee Pig 11.) 


Due to the radisl floyv through the encine, the compressor bleces and turbine 
blades are straight. Therefore, these parts may 2e nore easily manufactured thas 
for the convemtion®1 engise cammressors and turbines. 


The proposed air beering evpporting the roteting element elininates wany of 
the problecs waich are imposed by mechanical type vesrings. The large orec of the 
bearing surface, approximately 100 square feet on both sides, is avaliable to sur- 
port the weight of the very large turbine rotor. The air suppl; for the flat bear- 
ing comes fron “secondary air” in tie combustion reyion while the suprly for “ic 
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vertical bearing comes from the rear of the last rotor stage of the campressor. 
Exhaust of the bearing air ia controlled by a low pressure anmilus and the min 
“exbauster” which utilized this air for cooling the turbine blade roots. Figures 
12 and 13 show graphically tue flow within the eir bearing. 


A ground supply of compressed air applied to air vearizg will be used 
when starting the engine. In stepping the engine, the rotor will ground on self 
Lubricating bearing pads. The material used in the self-lubricating pearing pads 
vill be cest tron or carbon which vill provide good dry bearing surfaces on steel. 
These pads are not expected to suffer excessive wear or provide uncue stopping 
torque on the turbine rotor. 


The multi-engine version would utilize nuserous small engines having low 
specific veights to provide the exhaust gases. 


5. Control Systers 


The aircreft is controlled by regulating shutters which very the amount 
of thriat. chrough the anneler nozzles (for pitch ard roll control) and through the 
backward facing nozzles for yew control located on the perirhersl edge. (See Tle 
14.) The contractor clains that the use of this “jet control” at all times elini- 
nates the difficulty sesociated with hinged control surfaces in supersonic flight. 
This atatenent on the part of the contractor is based on initial testing of the 
principle and wuch nore data must be assembled vefore tt can ve comletely accepted. 


A proposed method of achieving jet control utilizes the so-called “Coanda 
effect" whereby a jet strean is deflected through loree angles by having 6 curved 
eurface in contact with its edge at one side. (See Fig 15.) Additional investl- 
gation into the mechanism required to utilize this effect must be accomplished in 
the early phases of this development. 


Ie the proposed aircraft shrust forces cre used for vontrol at all times. 
It 18 mandatory to use the thrust force for taze-off and novering flight since 
there are no aerodynamic forces available due to the lack of forward movement. In 
forvard supersonic flight thrust forces are used in lieu of conventioaal hing: 
type controls. Some thought nas been givec to the sechanics of the control syste 
ag can ve seen in Fig 14. 


Cc. Performsance 


Tne performance estimated by the contractor wos based on rather broad apsuupe 
tions and has not as yet been investigated by a wind tunnel test provran. (See 
Table III.) 
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Fig. 12 Cross-Section Showing Bearing Airflow 


DIRECTION OF ROTATION 
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Fig. 13 Perspective View Showing True Path of Bearing Air 
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TABLE III 


CONTRACTOR ESTIMATED PERFORMANCE 


Radial-flow Engine Aircraft 


Without With 1500°K 
Particulars Reheat Reheat 
Haximum level speed mph 1,72 2,300 
knote 1,490 2,000 
Mach No. 2.6 Zhe 
Ceiling (Max power at zean vt) ft 71,600 & ,600 
Time from hovering start to 
36,090 ft min 1.76 NA 
60,000 ft min 2.66 NA 
70,000 ft min 4.2 A 
Svill air range with allovwences 
for take-off, clinb, cruise, 
descent, and landing atles 620 MA 
Take-off and landing distances -- Nil Nil 
Max hovering alt from take-off Pa 10,000 NA 
hax hovering alt at mean vt, 
26,000 Tbs ft 16,000 HA 


SOTE: The above estimate utilizes uet thruats and Src which are based on the “simli- 
fying assemrtion” - "Flain nozzles and 100 per cent thrust recovery from the 
jot bending.” 
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SEcTION II 
USAF RESSARCH AND DEVELOPMENT STATUS 
A. Priccipal Problem Areas 


In tha preceding section we have presented very briefly the thought invelved 
in A. V. Roe'’s design proposals for Project ¥2 (Secret). The Wright Air Develop- 
went Center has evaluated the detail proposals and feels that a one-year study 
contract which vill investigate the following m/Jjor areas must ve accomplished 
before any further consideration can be given to a development contract for 4a 
research vehicle. These areas are: 


3. The air cushion effect 

b. The stability of the multi-engine configuration 

ec. Aly intake and exhaust systens 

@. Aircraft performance stability end control : 
e. The radini-flow engine feesibility. 


B. Present Develorment Status 


Headquarters USAF directed that Headquarters ARDC would iasue a technical 
requirement to pursue investigation of this sroject. This resulted in Technical 
Requirement No. 3 dated 13 August 1954, which in turn resulted in a developrent 
plan dated 15 September 1954, written by ADC, Directorate of Neapons Systems 
Operations, Boubardment Aircreft Division, “ew Development Office. Work on this 
project was delayed pending a decision by higher headquarters. On 2) Decenber 1954 
the order to proceed vith thia project was issued. The proposed statement of work 
dated 3 Uoverber 1954 vill be incorporated in « study vontract in the sear Suture. 
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